Serum creatine kinase (CK) was measured in blood donors, patients admitted to hospital with suspected myocardial infarction, and healthy hospital personnel to investigate the normal range, the daily variation in healthy people, and the effect of intramuscular injections of pentazocine or diamorphine.
Introduction
Creatine/adenosine triphosphate phosphotransferase (creatine kinase (CK)) activity is the most reliable single enzyme test for the diagnosis of recent myocardial infarction (Goldberg and Winfield, 1972) . The serum enzyme activity increases rapidly after infarction and, contrary to early reports using assay systems not incorporating sulphydryl reagents, activity may take as long as six or seven days to return to baseline values (Dalal et al., 1972 ).
An increase in serum CK is not specific for myocardial infarction, however, since the enzyme is also found in high concentration in other muscle and in the brain and may be released after disease or damage to these tissues (Ebashi et al., 1959; Dubo et al., 1967; Savignano et al., 1969; Watkins and Lewis, 1972) . Damage to muscle after intramuscular injection might, therefore, be expected to cause an increase of serum CK. This could be a source of confusion in the interpretation of CK values in patients with suspected myocardial infarction since many are given intramuscular injections of analgesic drugs. Nevertheless, there is very little information in the literature on the effect of such injections.
Increases in serum CK after severe exercise are well documented (Griffiths, 1966; Vejjajiva and Teasdale, 1965) (Griffiths, 1966; Savignano et al., 1969 ).
The present investigation was designed to establish a normal range of serum CK for the diagnosis of myocardial infarction and to determine whether intramuscular injections of commonly used analgesics may cause significant and misleading increases of the enzyme. As a preliminary step we thought it important to determine the degree of day-to-day variation in CK levels in healthy people.
Subjects and Methods
Single specimens of blood were taken from 116 randomly selected willing blood donors at the end of blood donation. There were 60 men and 56 women. To determine the effect of the donation on serum CK blood samples were also taken before donation in 20 of the donors.
Serum CK activities were studied in all 167 patients,who were admitted to this hospital with suspected myocardial infarction during a six-month period, who had estimations made on three successive days and in whom the initial value was less than 300 IU/I.
Serum CK was measured also in 20 hospital personnel on three or four consecutive days. They were asked to report any severe exercise immediately before or during the study. Intramuscular Injections in Convalescent Patients.-Twentyfive patients who had been admitted to hospital with myocardial infarction gave their informed consent to intramuscular injections of pentazocine (30 mg in 2 ml) or diamorphine (10 mg in 2 ml) during the second week after infarction. There was no clinical suggestion of reinfarction in any patient. In most cases the drug chosen was that which had been given on admission. Fifteen patients received pentazocine and 10 diamorphine. Serum CK was measured immediately before and usually for three days after the injection.
CK Measurements.-CK activity was measured using a modification of the method of Oliver (1955) . The reagents were purchased as Eskalab tablets from Smith Kline Instrument Company. The reaction was carried out at 37°C using an Eskalab Alpha spectrophotometer at 340 nm. A 10-minute preincubation lag phase was allowed for the reactions to linearize before the two-point kinetic assay of activity was carried out over a five-minute incubation. For quality control of the analyses we used Eskalab Normal and Abnormal control sera. Only eight (7-8%) out of 102 readings fell outside the manufacturer's specifications. Means There was no significant difference between serum CK levels before and after blood donation in the 20 donors studied (P >0 1 using Wilcoxon's matched-pairs signed-ranks test).
SERUM CK IN PATIENTS WITH SUSPECTED MYOCARDIAL INFARCTION
To determine whether the normal range derived from blood donors was appropriate for patients with suspected myocardial infarction we first examined the data from patients admitted with this provisional diagnosis whose CK values were less than 300 IU/1. on admission, and showed no significant change over three days (P <0 05). The criterion we used was that the difference between consecutive specimens did not exceed 1-96 vT2times the analytical standard deviation (Campbell and Owen, 1967 There is well documented evidence that severe exercise such as rowing, rugby playing, or doing the London to Brighton "stroll" (Vejjajiva and Teasdale, 1965; Griffiths, 1966) can cause significant increases in serum CK. There is less information on the effect of variation in everyday activity. Griffiths (1966) found that serum CK invariably fell after 30 minutes rest in 11 subjects and that inpatients had lower values than outpatients. We have found that those patients admitted to hospital with suspected myocardial infarction who do not develop a diagnostic pattern of enzyme changes have higher serum CK values on admission (upper limit 210 IU/1.) than on the second day after resting in bed (upper limit 165 IU/1.). It seems likely that the higher initial values can be attributed to the effect of preadmission activity. It is therefore suggested that appropriate "referece ranges" for serum CK in suspected myocardial infarction are 20 IU-210 IU/1. for ambulant patients and 20 IU-165 IU/1. for those previously at rest in bed.
If changes in everyday activity affect serum CK values one would expect some day-to-day variation. Paterson and Lawrence (1972) , in a study of 42 women, concluded that this was so. We too have found considerable day-to-day variation in healthy adults. The values tended to fall during the first part of the week, perhaps a consequence of the relatively sedentary nature of hospital work after the activity of the weekend. Marked increases could usually be related to increased exercise-for example, squash playing. The day-to-day variation is obviously important in assessing the significance of rises of serum CK from any cause. We have calculated that an increase should exceed 85% of the initial value to be significantly greater than variations seen in normally active adults. This criterion of significance would therefore tend to underestimate the significance of increases in patients at rest in bed.
The quality control data shows that with our manual method single estimations of enzyme activity have a coefficient of variation of 18% at 67 IU/I. and 13% at 524 IU/I. Thus, analytical variation makes a significant contribution to our criterion of significance. Future improved analytical methods will probably allow a smaller change in enzyme activity to be recognized as significant.
Though intramuscular injections might confuse the interpretation of serum CK (Hess et al., 1964; Cohen, 1972; Goldberg and Winfield, 1972) a review of the literature shows that very few drugs have been adequately studied. Marked increases of serum CK in six out of 14 patients after single injections of chlorpromazine have been well documented by Meltzer et al. (1970) , who also showed increases in both subjects given an injection of phenobarbital. Fassler and Vorburger (1973) in a study of 24 subjects stated that "significant rises" of serum CK resulted from injection of diazepam and pentazocine, but details were not given of the magnitude or frequency of such rises. Batsakis et al. (1968) and Hess et al. (1967) found raised serum CK values in patients given frequent injections of penicillin, but no preinjection values were given. The diagnoses were not stated except in one patient who had pneumonia, a reported cause of raised CK values (Velez-Garcia, 1966; Perkoff, 1968) . Batsakis et al. (1968) also found raised values in four subjects receiving four-hourly injections of morphine, but no preinjection values were given and again the diagnoses were not stated. Chahine et al. (1974) showed that increases in serum CK after cardiac catheterization could be related to prior intramuscular injections of various drugs, but the effects of the individual drugs were not assessed.
We found that single injections of diamorphine and pentazocine cause significant increases of serum CK values in about a quarter of patients (three out of 15 given pentazocine; three out of 10 given diamorphine). The greatest increase was from 64 IU to 395 IU/1. These two drugs are the analgesics most commonly used for myocardial infarction in this hospital and the increase in serum CK associated with their use could cause confusion in diagnosis. We suggest that when possible blood should be collected before the first injection to detect any early diagnostic increase of serum CK. Any subsequent rise must be interpreted with caution.
Despite the effects of exercise and of intramuscular injections on serum CK values, Goldberg and Winfield (1972) showed that serum CK was the most reliable single enzyme test for the diagnosis of recent myocardial infarction. In the future it may be possible to measure the cardiac isoenzyme of CK routinely (Konttinen and Somer, 1973; Mercer, 1974) . Meanwhile, consideration of the effects of exercise and injections along the lines we have suggested should lead to greater accuracy in diagnosis.
Introduction
The pruritus of obstructive jaundice is thought to be due to bile salt retention (Hemdon, 1972) . Several previous attempts to induce itching by applying bile salts to the skin have been unsuccessful, however (Brule and Cottet, 1942; Schoenfield, 1969) , and the correlation between serum bile salt concentration and pruritus is poor (Osborn et al., 1959; Datta and Sherlock, 1963; Neale et al., 1971) . It seems likely that the various salts
